Chitosan (CS), Hydroxyapatite (HA), and Magnetite (Fe 3 O 4 ) have been broadly employed for bone treatment applications. Having a hybrid biomaterial composed of the aforementioned constituents not only accumulates the useful characteristics of each component, but also provides outstanding composite properties. In the present research, mechanical properties of pure CS, CS/HA, CS/HA/Magnetite, and CS/Magnetite were evaluated by the measurements of bending strength, elastic modulus, compressive strength and hardness values. Moreover, the morphology of the bending fracture surfaces were characterized using a scanning electron microscope (SEM) and an image analyzer. Studies were also conducted to examine the biological response of the human Mesenchymal Stem Cells (hMSC) on different composites. We conclude that, although all of these composites possess in-vitro biocompatibity, adding Hydroxyapatite and Magnetite to the Chitosan matrix can noticeably enhance the mechanical properties of the pure Chitosan.
Introduction
In the history of bone grafting, the first successful surgery is credited to the treatment of a soldier's cranial defect using a dog's skull in 1668 [1] . Since then, substantial advances have been made including development of various substitute materials containing metals, synthetic and natural polymers, ceramics, hydrogels, and their composites in the form of bulk or nanoparticles [2] [3] [4] [5] [6] [7] . These materials can be nondegradable such as some metals and polymers, and degradable such as many of hydrogels, ceramics, polymers, and even some recently developed degradable metals [7] [8] [9] [10] [11] [12] . They can be made to act as implants or scaffolds that guide regeneration of the surrounding tissues towards formation of new bones and treatment of the area of the injury [13, 14] . These scaffolds or implants are usually being either body or surface modified by the use of various coatings or nano-particles to tune their characteristics or to add extra functionalities [15] [16] [17] [18] [19] .
Chitosan (CS) has been known as a biocompatible polymeric material for orthopedic applications due to its non-toxicity, biodegradability, and wound healing characteristics [20] [21] [22] [23] [24] . CS is employed in different shapes such as microspheres [25] , membranes [26] , pins, and rods [27] . As a bioactive ceramic, Hydroxyapatite (HA) is extensively used in bone tissue engineering due to its excellent biocompatibility and osteoconductive properties [28] [29] [30] [31] . Moreover, HA is able to help regeneration of the osteoblasts [28] [29] [30] [31] . However, its poor mechanical properties including low fracture toughness and lack of ductility have restricted its clinical applications [32, 33] .
Making composites of HA with other materials can significantly improve its mechanical and biological properties [34] [35] [36] . Combination of CS and HA can make a composite with enhanced bioactivity, mechanical properties, and bone bonding ability [37] [38] [39] [40] . Recent investigations have shown that CS/HA composites can facilitate bone remodeling and growth [41, 42] .
Bending strength and elastic modulus of human cortical bone are 100-150 MPa and 7-25 GPa, respectively [43] . Consequently, the bone repair materials should ideally possess similar values of bending strength and elastic modulus. However, these values can hardly be achieved in CS/HA composites [43] [44] [45] . Several factors may contribute to the mechanical properties of these composites. These factors include particle size of HA, the mechanical strength of CS matrix, the interfacial interactions between CS and HA, and good distribution of HA in CS matrix [46, 47] .
Adding a third component to the composite, such as PLLA [48] and genipin [43] can change the mechanical properties of the CS/HA composite.
Magnetite with the chemical formula of Fe 3 O 4 is a material utilized often to add special functionality to the composites. Moreover, the Magnetite is supposed to align the growth of osteoblast cells at presence of an external magnetic field [49, 50] . Magnetic resonance imaging (MRI), hyperthermia, and drug-delivery systems are the areas in which magnetite applications are important [49, 51] . Furthermore, nano-sized magnetic carriers present superior performance owing to their higher specific surface area and lower internal diffusion resistance compared to the large-sized magnetite particles [50] .
In this work, in particular, natural HA and CS have been utilized instead of synthetic types in the preparation of the composite structures. Natural HA and CS were extracted from the bone and shrimp shells, respectively. Therefore, they are more cost-effective than synthetic HA and CS.
Moreover, the magnetic nano-particles were formed distinctively via in-situ precipitation in the CS/HA matrix.
We have recently prepared a CS/HA/Magnetite nanocomposite via similar approach [52] . The structural, magnetic and thermal analysis such as Fourier transforms infrared spectroscopy (FTIR), magnetometer hysteresis loop, thermo gravimetric analysis (TGA), and differential scanning calorimetry (DSC) have been reported elsewhere [52] . In this work, we further assessed the mechanical properties of this composite material. We present detailed study of the mechanical properties of CS, CS/HA, CS/HA/Magnetite, and CS/Magnetite samples, such as hardness, bending, and compression. Furthermore, the cyto-compatibilities of these composite materials were evaluated and discussed by the use of human Mesenchymal Stem Cells (hMSC).
Materials and methods

Materials preparation
Chitosan extraction from the shrimp shells
In this study, chitin was extracted from the shrimp shells. The extraction method was performed according to the previous report of Bazargan, et al. [53] . In this technique, a diluted HCl solution was utilized for demineralization process. For this purpose, the shrimp shell powder (100 g) was added to 1000 ml of 7% (w/w) HCl at room temperature (25°C) for 24 hr. After filtration with a filter paper, the residue was washed with distilled water. The residue was deproteinized by adding the NaOH (1000 ml, 10% (w/w)) at 25°C for 24 hr. Then, the prepared chitin was washed with distilled water. Dehydration process was carried out by the sequential use of 95% and absolute ethanol and finally it was dried at 50°C overnight [53] . The synthesized chitin was kept in the NaOH solution at 110°C for 4 hr to prepare crude chitosan. After filtration and washing with distilled water at 60°C, the materials dried overnight at 50°C in an oven. The degree of deacetylation of chitosan was calculated to be around 75% by the use of the Sabnis's formula [54] .
Hydroxyapatite extraction from the bovine cortical bone
Hydroxyapatite powder was extracted from the bovine cortical bone according to the procedure which had been published by Bahrololoom et al. [55] . Briefly, the spongy bones were removed, the cortical bone was de-fleshed, and the bone marrow and all pieces of meat and fat were cleaned. A gas torch was applied in order to burn the organic components of the bone by a direct flame. This thermal process generated some chars as a result of burning the organic components.
To remove the remaining chars, the black powder was placed in a furnace at 800°C for 3 hr and was cooled inside the furnace. Following this process, the black bone ash changed to a white granular powder. A milling process was conducted on the prepared powder to reach the size of powder to around 1-5 μm [55] . 6 g Chitosan was extracted from 50 g shrimp shells and 270 g HA from 500 g bovine cortical bone. Thus, the yields of Chitosan and HA were 12 and 54%, respectively.
Preparation of CS/HA/Magnetite nano-composites
The nano-composite preparation was performed according to the published report by Hu, et al. [26] . In this technique, FeCl 2 .4H 2 O and FeCl 3 .6H 2 O with the weight ratio of Following the cleaning by distilled water, the pH of the composite's surface was around 7. The produced gel composites were placed in an oven at 60°C for 24 hours. Five specimens were produced for each test. For compression test, cylindrical specimens were produced with the diameter of 6.5 mm and the length of 13 mm. For bending test, rectangular specimens were produced with the length, width, and thickness of 75, 10, and 3.3 mm, respectively.
The amounts of the components for the preparation of CS/HA/Magnetite nano-composites are presented in Table 1 .
Materials characterization
Microstructural studies
Scanning electron microscope (SEM: S360 Cambridge) was utilized to characterize the morphology of the produced nano-composite materials and their fracture surfaces. The mounted samples on the aluminum stubs were gold coated to give required conductivity for good SEM imaging. The fracture surfaces were characterized using an image analyzer software. X-ray diffraction patterns (XRD: Bruker AXS D8 Discover) were recorded in the 2 theta range of 15-65 degree with scan speed of 0.01 degrees/s.
Mechanical experiments Bending tests
Bending test was performed by the three-point mode of a universal testing machine (Zwick/Roell Z020). The span length was 40 mm and the loading rate was 1 mm/min.
Bending strength (MPa) and bending modulus (GPa) were calculated using the values of Failure Bending strength:
Bending modulus:
Compression tests
Compression test was conducted at a loading rate of 20 mm/min between parallel steel plates.
Load versus displacement curves were recorded at a frequency of 100 Hz. Compressive strength Compressive strength:
Hardness tests
Hardness test was performed according to ASTM D2240-05 standard with hardness instrument type D (Shore D). Hardness number was determined after 15 seconds load relaxation and 5 Kg indenter force.
Human Mesenchymal Stem Cells culture
Stem Pro® BM Mesenchymal Stem Cells isolated from human bone marrow were purchased 
Results and discussion
Microstructural studies
The SEM image of extracted Chitosan from shrimp shells and extracted HA from bovine cortical bone has been presented in Fig. 1 . Also, the size of the magnetite nanoparticles were around 10-40 nm with irregular shapes [52] . (Fig. 4f) are much more than others. More porosities could be detected in the CS (Fig. 4e ) compared to that of the CS/Magnetite (Fig. 4h) . Although, CS/HA (Fig. 4f) and CS/HA/Magnetite (Fig. 4g ) have similar contents of HA, lesser amount of cracks are observed in the CS/HA/Magnetite due to the existence of Magnetite nano-particle precipitations.
Bending tests
Bending stress-strain curves for the CS, CS/HA, CS/HA/Magnetite, and CS/Magnetite have been presented in Fig. 5 and the relevant outputs including bending strength, bending modulus, and bending toughness has been summarized in Table 2 . As can be observed in Table 2 , adding the HA and Magnetite particles to the CS matrix can enhance both bending strength and modulus. Incorporation of HA into the CS matrix via blending technique decreases the mechanical properties of CS/HA composite due to the weak interfacial bonding between HA filler and CS matrix [57] .
Previous researches showed that the ratio of CS/HA plays an important role in improvement of mechanical properties of this type of composites [44] . Human bone has a bending strength of 100-150 MPa, compressive strength of 2-10 MPa and the bending modulus of 7-25 GPa [43, 58] .
Through the blending technique for the production of CS/HA/Magnetite nanocomposite in our research, it was not possible to reach to the range of bending strength of human bone, which we suspect is due to the difference between the particle size of extracted HA and that of the natural bone.
According to Fig Table 3 . As can be observed in Table 3 According to Table 3 , an increase in compressive strength was observed due to the existence of magnetite nano-particles. Several factors such as particle size and distribution of HA and magnetite particles, mechanical properties of chitosan, interfacial interactions between chitosan, HA and magnetite can contribute in altering the mechanical properties [59] .
Compression tests
Hardness tests
The 
In vitro biocompatibility
The cell viability was expressed as the number of cells per unit surface on different scaffolds after 7 days of culturing. Table 3 
